Context. The Exozodi survey aims to determine the occurrence rate of bright exozodiacal discs around nearby main sequence stars using infrared interferometry. Although the Exozodi survey targets have been carefully selected to avoid the presence of binary stars, the results of this survey can still be biased by the presence of unidentified stellar companions. Aims. Using the PIONIER data set collected within the Exozodi survey in 2012, we aim to search for the signature of point-like companions around the Exozodi target stars. Methods. We make use of both the closure phases and squared visibilities collected by PIONIER to search for companions within the ∼100 mas interferometric field of view. The presence of a companion is assessed by computing the goodness of fit to the data for a series of binary models with various separations and contrasts. Results. Five stellar companions are resolved for the first time around five A-type stars: HD 4150, HD 16555, HD 29388, HD 202730, and HD 224392 (although the companion to HD 16555 was independently resolved by speckle interferometry while we were carrying out the survey). In the most likely case of main sequence companions, their spectral types range from A5V to K4V. Three of these stars were already suspected to be binaries from Hipparcos astrometric measurements, although no information was available on the companions themselves so far. In addition to debiasing the statistics of the Exozodi survey, these results can also be used to revise the fraction of visual binaries among A-type stars, suggesting that an extra ∼13% A-type stars are visual binaries in addition to the ones detected in previous direct imaging surveys. Conclusions. We estimate that about half the population of nearby A-type stars could be resolved as visual binaries using a combination of state-of-the-art interferometry and single-aperture imaging, and we suggest that a significant fraction of these binaries remains undetected to date.
Introduction
Historically, binary stars have been detected and studied in two main ways: (i) using the orbital motion around the centre of mass that can be measured with spectroscopy (or possibly with astrometry), or (ii) using direct (visual) observations. These two classes of techniques, which can be declined in various flavours, have discovery spaces that may or may not overlap depending on the considered target. In particular, the longest periods reachable by spectroscopy frequently correspond to angular separations too short to be reached with classical imaging observations. This can lead to significant incompleteness when taking a census of binary stars. High angular resolution observations, such as those provided by infrared interferometry, may help bridge the gap between spectroscopy and classical imaging techniques.
Here, we aim to search for unknown companions around a specific sample of main sequence stars that was built in the context of an unbiased interferometric search for hot debris discs (also known as exozodiacal discs). The main purpose of this survey, presented in a companion paper (Ertel et al. 2014) 1 , is to obtain statistically significant information on the occurrence of bright exozodiacal discs around nearby main sequence stars. Binary stars were removed from this sample to prevent contamination of the interferometric observations with spurious circumstellar emission, which would make faint exozodiacal disc detection much more difficult. This selection criterion also avoids gravitational interactions with nearby, massive bodies, which may induce biases by enhancing or disrupting the dusty discs around the target stars. The selection of single stars was based on the literature, which, as explained above, may not be com-A&A proofs: manuscript no. PIONIER_companions_rev plete regarding companions -especially faint and close onesaround these stars.
To make sure that the stars observed within the so-called Exozodi survey, carried out in the southern hemisphere with the Precision Integrated Optics Near Infared Experiment (PIONIER, Le Bouquin et al. 2011 ) visitor instrument at the VLTI, are indeed single stars, we use the full information delivered by PI-ONIER (including closure phases) to systematically search for companions around all the stars observed within the survey. Doing so, we will be able to determine whether the small nearinfrared excess detected around several stars within the survey are effectively due to an extended, mostly symmetric source, or to a point-like companion. This is of utmost importance in order to derive unbiased statistics on the occurrence rate of exozodiacal discs.
After detailing the stellar sample, the observations and data reduction in Sect. 2, we present in Sect. 3 the search method and the detection criterion. The results in terms of newly detected companions are given in that same section. A discussion of each new binary system is given in Sect. 4. We finally discuss the implications of this study in terms of revised binary fractions and the PIONIER sensitivity to faint companions in Sect. 5.
Observations and data reduction
The choice of the Exozodi stellar sample was driven by the goal to assess possible correlations between the presence of cold and hot dust around main sequence stars (Ertel et al. 2014) . The targets were selected from a magnitude limited sample of stars known to harbour cold dust in their outer planetary system. An equivalent sample of stars without any detectable cold dust emission (to within the sensitivity limit of far-infrared space-based observatories) was then selected, resulting in an all-sky sample of more than 200 stars. Because of the selection process, the overall sample is biased towards dusty stars (which are less frequent than non-dusty stars in our Galaxy at the sensitivity level of current far-infrared space observatories), although each of the two sub-samples is designed to be free from bias. The stars are more or less equally spread between three spectral type categories: A-type, F-type and G-K-type. All stars have been thoroughly checked for the presence of known (sub-)stellar companions in the literature; any star with a companion more massive than the planet-brown dwarf boundary and at a separation smaller than 5 ′′ was discarded. A more detailed description of the sample can be found in Ertel et al. (2014) .
Ninety-two southern stars from the Exozodi sample were observed with the PIONIER visitor instrument operated on the 1.8-m Auxiliary Telescopes (AT) of the VLTI during four observing campaigns of three nights each from April to December 2012. The observations were conducted in H band on the most compact AT configuration (A1-B2-C1-D0), using the SMALL spectral dispersion that splits the light into three spectral channels on the detector. Three consecutive observing blocks (OBs) were obtained for most stars, and care was taken to observe as many stars from each of the dusty and non-dusty categories. The optical path length (OPD) scans ranged from 60 µm to 180 µm depending on the baseline, and 1024 samples were read per scan to ensure a proper sampling of the fringes. Only the A and C outputs of the ABCD fringe coding scheme were read to speed up the readout.
We used the same data reduction scheme as presented in Ertel et al. (2014) , based on the pndrs pipeline and including the specific calibration strategy developed for the Exozodi survey to optimise the accuracy of the squared visibilities. As a sanity check, we also carried out our study based on a more standard calibration scheme, where the transfer function is averaged over each individual CAL-SCI-CAL-SCI-CAL-SCI-CAL sequence with a weight inversely related to the time separation, as described in Le . The final results did not show any significant change.
Searching for companions

Principle of the search
To detect the presence of a companion, we use the closure phases and the squared visibilities in a combined way. Before explaining the details of the method used here, we will summarise the principle of the method used by Absil et al. (2011) , which was also used as a first step in our analysis. The search for companions in Absil et al. (2011) was based only on the closure phases. Indeed, the closure phase (CP) is known to be free of instrumental and atmospheric errors to the first order (Le Bouquin & Absil 2012) , and to be sensitive to asymmetries. For a centro-symmetric source, the CP will be strictly zero (or possibly a constant offset from zero due to imperfect CP calibration), while the presence of an off-axis companion will show up as a non-zero closure phase, which varies as a function of time and wavelength. Absil et al. (2011) define a field of view and compute the CP associated with a binary model considering the primary star at the centre of the search region with an off-axis companion of various contrast r starting at r = 0, at each point (x, y) of the field of view in the search region. The modelled CP is then compared to the observations to derive the χ 2 goodness of fit for each binary model,
thereby creating a χ 2 cube. The cube is then normalised (by division) so that its minimum equals 1, and collapsed along the contrast axis to keep only the best-fitting companion contrast (i.e. minimum χ 2 value) at each position in the search region. The resulting χ 2 map can then be used to derive the probability for the single-star model to adequately represent the data, based on the χ 2 distribution under Gaussian noise assumption (see Absil et al. 2011, for details) . If this probability is below a pre-defined threshold, the single-star model can be rejected and the best-fit binary solution is then considered as statistically significant. In Absil et al. (2011) , the threshold is fixed at a 3σ level, i.e. at a probability of 0.27% under the Gaussian noise assumption.
In the present study, we noticed that the use of the sole CP leads to a large number of barely significant detections, with significance levels (i.e. signal-to-noise ratios) between 3 and 4σ. It was not obvious to discriminate whether these were true detections or false positives. As a consequence, in addition to the CP, we use the squared visibilities (V 2 ), which are expected to show deviations from the single-star model if a companion is present. As in Absil et al. (2011) , we compute a binary model considering the primary star at the centre of the search region with an off-axis companion of various contrast r (starting at r < 0 as explained in Sect. 3.3) at each point (x, y) of the search region. In the present case, we can safely assume that both the primary and the secondary stars are unresolved, since most of our targets have an angular diameter smaller than 1 mas (Ertel et al. 2014) and as the observations are carried out on the most compact AT configuration, which provides an angular resolution of the order of 5 mas. Then, we compute the CP and the V 2 for each model and derive a combined goodness of fit,
Here again, this is done for each binary model to obtain a χ 2 (x, y, r) cube. The same procedure as in Absil et al. (2011) is then repeated to assess the presence of a companion. This new method is more robust as we need to have a signature in both the CP and V 2 to detect a companion. We note however that the V 2 is also sensitive to centro-symmetric circumstellar emission, which creates a drop in visibility at all baselines (di Folco et al. 2007 ). Sometimes, the signature of a disc can be so strong that the combined χ 2 is relatively high. To discriminate this kind of situation and identify bona fide point-like companions, we inspect the χ 2 maps individually for the CP and the V 2 . Indeed, if a companion is present, its signature will be seen in both maps (generally at the same position, except for marginal detections), while a disc will only show up in the χ 2 V 2 map (assuming a symmetric disc). Furthermore, a small offset in the CP due to imperfect calibration could simulate a companion (false positive detection). In this case, the detection will generally not show up in the χ 2 V 2 map. In some cases, the χ 2 maps for both the CP and the V 2 show a significant detection, but not at the same position. These cases need to be investigated more carefully (e.g. by looking at secondary peaks in the χ 2 maps) to draw definitive conclusions, when possible.
Defining the search region
There are two main limitations to the detection of faint companions with interferometry: the dynamic range in the observations, and the limited field of view. Before starting our search for companions, we first need to define a suitable search region. This region is limited, as explained in Absil et al. (2011) , by three factors. The first relates to the beams being injected into singlemode fibres for modal filtering and beam combination. As explained in Absil et al. (2011) , we can consider that the PIONIER fibres have a Gaussian transmission profile with a full width at half maximum of 420 mas under typical turbulence conditions at Paranal. Second, the fringe packets associated with the primary star and its companion need to be within the OPD scan length and to partially overlap in order to contribute to the coherent signal measured by the PIONIER data reduction pipeline. The shortest scans performed by PIONIER are about 60 µm long, and we estimate the size of one fringe packet to be λ 2 /∆λ ≃ 27µm when the H band signal is dispersed onto three spectral channels. The maximum OPD separation (∆OPD) between the two packets can therefore not exceed 27 µm. This separation is related to the angular separation ∆θ of the two objects in the sky: ∆OPD = B∆θ cos α, with B cos α the projected baseline. Considering a maximum baseline B = 36 m, we find a maximum angular separation ∆θ max ≃ 150 mas.
The last limitation to the field of view comes from the need to properly sample the closure phase variations as a function of wavelength: companions located too far away can create aliasing inside the search region if their closure phase signal has a period shorter than four times the spectral channel size (for Nyquist sampling). This phenomenon can be partly mitigated by repeating the observations in time. Here, we only have three consecutive OBs for most of our targets. We will therefore compute a pessimistic non-ambiguous field of view as if we only had one sample in time for each star. As already detailed by Absil et al. (2011) , the period in the closure phase signal is roughly given by 2 P λ ≃ λ 2 /(B∆θ − λ), and must be larger than four times the spectral channel size (0.1 µm here). This lead to ∆θ max ≃ 87 mas for our mean baseline B ≃ 20 m. We will therefore consider a search region of about 100 mas in this study. It must be noted that companions located up to 150 mas can nonetheless have a significant signature in our data.
Defining the detection criterion
To determine whether or not a companion is detected, we use, as explained in Sect. 3.1, the significance level of the detection, which can be associated with a given confidence level if the underlying probability distribution function is known. The threshold above which a detection will be identified must however be chosen with care. A 3σ significance level was used by Absil et al. (2011) , following common practice in presence of Gaussian noise. This choice is however not straightforward, and can be backed up by studying the noise properties of the data set. This can conveniently be done by including negative contrasts for the off-axis companions in the definition of our combined χ 2 cube. While non physical, negative companions can be used to represent positive fluctuations in the V 2 (i.e. situations where the measured V 2 is higher than the expected V 2 from the photosphere). Negative companions do not significantly affect the CP, which can take both positive and negative values. A negative companion would indeed produce the same CP signature as a positive companion located on the opposite side of the star. In the following, we associate negative significance levels with negative companions. The histogram of the significance levels for our complete sample (listed in Table 1 ) is illustrated in Fig. 1 , where the range of the plot has been limited to [−10, 10] for the sake of clarity. The negative part of the histogram does not contain any astrophysical signal, and can therefore be used as a reference to study the noise properties of our sample. The absence Table 2 . Summary of the stars showing a significance level higher than 3σ based on the analysis of the combined χ 2 (CP+V 2 ). The significance of the detection based on the separate analysis of the CP and the V 2 is also given, and used to classify the nature of the detected excess between disc (no significant CP signature) and companion (significant CP signature). of significance levels close to 0σ in the histogram can be explained by the fact that, in presence of noise and because of the limited number of observations, it is always possible to obtain a better fit to our data sets by inserting a companion somewhere in the field of view rather than using the single-star model (a significance level of 0 would only happen if the data were in perfect agreement with the single-star model).
Out of the 92 stars in our sample, 38 show a negative significance level, while 54 show a positive significance level (see Fig. 1 and Table 1 ). This suggests that around 16 stars in our sample have circumstellar emission emanating from a disc or a companion. This is consistent with the nine hot exozodiacal discs identified by Ertel et al. (2014) and the six companions described in the next section. From the 38 stars with a negative significance level, only three are located below −3σ. While the distribution of the significance level looks far from Gaussian in Fig. 1 , we decide to use 3σ as our detection criterion. From the negative part of the histogram, we expect that three of the thirteen stars showing a significance level higher than 3σ could be false positive detections. All thirteen stars will be carefully inspected to assess the possible presence of such false positives. Table 2 lists all the stars that have a significance level higher than 3σ for the combined χ 2 analysis. As already mentioned in Sect. 3.1, by looking separately at the χ 2 maps for the CP and V 2 , we can readily discriminate between a companion and a disc. This is done in Table 2 , where the significance levels are given based on the analysis of the CP and of the V 2 separately. The eight stars having a significance level below 3σ in the analysis of the CP, while showing a significant detection in the V 2 analysis, are understood to be surrounded by a circumstellar disc rather than a companion. Seven of these stars are indeed among nine stars identified by Ertel et al. (2014) as having a bright exozodiacal disc. A special note must be added to HD 15798, which was very recently shown by Tokovinin et al. (2014) to host a faint companion at an angular distance of 0 ′′ . 21, thanks to speckle interferometry observations. This companion, located outside the PIONIER search region, could not have been detected with the search method used here, as the fringe packets of the two stars are separated on most baselines (or even not within the OPD scanning range on some baselines). Its contribution is therefore considered mostly as incoherent light in the PIONIER data reduction pipeline. With an I-band contrast of four magnitudes, this companion is most probably at the origin of the V 2 drop observed by PIONIER for HD 15798. It is difficult to derive the H-band contrast of this companion from our observations, because of the way its contribution to the coherent flux is handled by the PIONIER pipeline, and because it is significantly affected by the off-axis transmission profile of the PIONIER instrument.
Results of the search
The five remaining stars (HD 4150, HD 16555, HD 29388, HD 202730 and HD 224392) are identified as having an off-axis companion. This classification is backed up by a careful inspection of the χ 2 maps separately for the CP and V 2 : to validate the detection of an off-axis companion, the two maps should have their minima (or sufficiently deep local minima) at the same position. This is the case for four of our five newly identified binary stars (see Fig. 2 ). Only HD 224392 shows a somewhat suspicious behaviour, where the various χ 2 maps do not show local minima at the same position (see bottom row of Fig. 2 ). This star will be the subject of a forthcoming study (S. Borgniet et al., in prep) , where the binarity of the source is confirmed by further observations. We will therefore not make further comments on this star in the present manuscript. Two additional stars show a potential signature of companion: HD 20794 and HD 23249. They both have a significance higher than 3σ in their combined χ 2 map for one of two epochs. A closer inspection of the individual χ 2 maps reveals that the positions of the minima do not match, which indicate that the excess emission is most probably due to a circumstellar disc rather than a point-like companion.
A summary of all the newly found companions (excluding HD 224392) can be found in Table 3 , where we also give the contrast and position of the detected companions. Surprisingly, two of them show a best-fit contrast of 0.5 or larger. The reason why such bright companions had not been revealed to date by other observations will be discussed in Sects. 4 and 5.
Properties of the detected companions
Here, we describe the properties of the newly found companions and of their host stars, and we give a rough estimation of the four stars: the probability of finding an unrelated background object as bright as the detected companions within the PIONIER field of view is never larger than a few 10 −8 .
HD 4150
Also known as eta Phe, HD 4150 (HIP 3405, HR 191 ) is an A0IV star surrounded by a cold debris disc (Su et al. 2006) . It belongs to a visual double system according to the WDS (Mason et al. 2001 ) and the CCDM (Dommanget & Nys 2002) catalogues. The previously detected visual companion is faint (V = 11.5, Dommanget & Nys 2000) and located at about 20 ′′ from the primary. It is therefore not expected to affect our interferometric measurements in any way. In addition, HD 4150 is classified as an astrometric binary based on the comparison of the Tycho-2 and Hipparcos astrometric catalogues (Makarov & Kaplan 2005; Frankowski et al. 2007 ), which show discrepant proper motions. The star also shows an acceleration of −6.41 ± 0.99 mas/yr 2 in right ascension and 1.59 ± 0.98 mas/yr 2 in declination as measured by Hipparcos (Makarov & Kaplan 2005) . No orbital solution is given, however, and the nature of the companion is unknown.
Two important properties can be estimated from the contrast and angular separation found in Sect. 3.4: the spectral type and the orbital period. We derive the spectral type by assuming a main sequence companion of lower mass than the primary. This is most likely, as a more massive, post-main sequence companion would be brighter than the primary, while a white dwarf would be much fainter and would remain undetected. The H-band flux ratio amounts to 0.023 ± 0.004, which corresponds to ∆H = 4.1 ± 0.2. Taking the magnitude and distance of HD 4150 into account, the companion has an absolute magnitude M H = 4.1±0.2, which corresponds roughly to a K1V star according to Cox (2000) . A lower bound can then be given on the period of the orbit, assuming a face-on system. The measured angular separation corresponds to a linear separation of 6.8 AU. Using Kepler's third law and an estimated mass of 2.82 M ⊙ for the primary (Gerbaldi et al. 1999 ), we derive a minimum period of about 9.5 years. This estimated period is consistent with an astrometric detection of the companion (Makarov & Kaplan 2005) . It is therefore likely that the companion detected within the present study is the source of the astrometric signature.
To monitor the orbital movement of the companion, a second observation of the system was obtained on 9 August 2013 with PIONIER operated at K band on the same AT configuration (programme ID 091.C-0597). The companion is recovered with a contrast of 0.041 ± 0.004 at an angular separation of 96.8 ± 2.4 mas and position angle of −99.2
• ± 1.1
• (see Fig. 3 ). The increase in the angular separation reveals that the orbit is not face on. Nevertheless, assuming a face-on orbit and a minimum period of 9.5 years, we estimate that the companion should have moved by about 24
• on its orbit. This is of the same order as the difference in position angle between the two epoch (15 • .2). We conclude that the companion is most probably on a slightly inclined and/or eccentric orbit with a period slightly longer than 10 years. We note that the measured K-band contrast points towards a slightly more massive companion, with a spectral type around G5V. More observations will need to be performed to nail down the orbital parameters and spectral type of the companion.
HD 16555
Eta Hor (HD 16555, HIP 12225, HR 778) is an A6V star classified as a stochastic astrometric binary by Frankowski et al. (2007) . Despite the stochastic character of the astrometry (i.e. the impossibility of finding a suitable orbital solution based on the Hipparcos astrometry), Goldin & Makarov (2007) propose an orbital solution with a semi-major axis of 23.1 +1.6 −1.0 mas and period of 3.0 yr. No information can however be derived on the nature of the companion. Later on, eta Hor was observed with adaptive optics, showing only a possible (yet unconfirmed) faint companion at 4 ′′ . 9 (Ehrenreich et al. 2010) , which is not expected to affect our interferometric observations in any way. More recently, the star was resolved as a binary by speckle interferometry (Hartkopf et al. 2012) , showing the presence of a bright companion (∆I = 0.7 mag, ∆y = 1.4 mag) at an angular separation of 70.3 mas and a position angle of 60 • .4 (Besselian epoch of observation: 2011.0393 yr). This publication came out after we finalised the sample selection for the Exozodi survey, which explains why this star was nonetheless observed during our survey.
The companion found in our observations, showing a contrast ∆H ≃ 0.7 at an angular separation of 78.7 mas (i.e. projected linear separation of 3.6 AU) and position angle of 40 • .9, seems to match well the Hartkopf et al. (2012) discovery. It however hints at a significantly eccentric and/or inclined orbit. Although the current astrometric information is too scarce to confirm it, this visual binary could also match the stochastic astrometric solution proposed by Goldin & Makarov (2007) . A faceon, circular orbit with a semi-major axis of 3.6 AU would indeed have a period of about 3.7 yr, which is in line with the 3.0 yr period found by Goldin & Makarov (2007) .
Finally, we can infer the spectral type of the companion from the measured contrast. With an absolute H-band absolute magnitude M H = 1.31 ± 0.02 for the primary and a contrast ∆H = 0.73 ± 0.08, the companion has an estimated absolute magnitude M H = 2.04 ± 0.08, which gives an F0V spectral type according to Cox (2000) .
HD 29388
90 Tau (HD 29388, HIP 21589, HR 1473) is an A6V member of the Hyades cluster. It hosts a cold debris disc (Su et al. 2006 ). Although it was observed by speckle interferometry (Patience et al. 1998) , no sign of binarity was found so far around that star to our knowledge, despite being extensively observed since the 1950s as a chemically peculiar member of an open cluster. 90 Tau is nevertheless listed as a member of a double system in Simbad, but with only a faint visual companion at a distance of about 120 ′′ . The companion discovered here is thus completely new. With an absolute magnitude M H = 0.71±0.01 for its primary star and a contrast ∆H = 3.77 ± 0.07, the companion has an absolute magnitude M H = 4.48 ± 0.07, which corresponds to a K4V star according to Cox (2000) . Assuming a face-on, circular orbit with a semi-major axis of 11.1 mas (0.52 AU), the period would be around 84 days. This can be considered as a minimal period for the system.
HD 202730
Tet Ind (HD 202730, HIP 105319, HR 8140) has been known to host a visual G0V companion (GJ 9733 B) since the 19th century. Its angular separation has been measured over 150 years and is well approximated with a linear motion in the Catalog of Rectilinear Elements 3 . In July 2012, the companion is expected to be separated by about 7 ′′ . 2 from the primary, which is comfortably outside the PIONIER field of view (and even outside the AT field of view). Tet Ind has also been shown to have a constant radial velocity in the survey of Lagrange et al. (2009) . The discovery of a nearly equal flux companion therefore comes as a surprise.
Based on the measured contrast (∆H = 0.15 ± 0.17), we estimate the companion to have an A5V spectral type like the primary. The odds for a face-on orbit are high (no radial velocity variations detected). Assuming a circular orbit, the period would then be around 1.3 years.
Discussion
A population of undetected stellar companions?
Five binary stars were identified in this study. In addition to the four stars discussed in Sect. 4, we include here HD 224392, whose companion will be discussed in a forthcoming paper (S. Borgniet et al., in prep.) . This is an A-type star, just as the four others are. The fact that five stars among the 30 supposedly single A-type stars 4 of the Exozodi sample were revealed to be binaries deserves some further discussion.
Historically, many dedicated studies have been carried out to quantify the number of binaries in the solar neighbourhood, showing higher multiplicity rates around more massive stars (see Duchêne & Kraus 2013 , for a recent review). A lot of papers were published regarding the multiplicity of solar-type stars (F-G stars), including e.g. censuses of binaries within 25 pc (Raghavan et al. 2010 ) and within 67 pc (Tokovinin 2014a,b) . Later spectral types have also been extensively addressed, including a quasi-complete sample within 10 pc in Henry et al. (2006) . Even brown dwarfs have had their share of multiplicity studies (see Burgasser et al. 2007 , for a review). However, when it comes to earlier spectral types, and A-type stars in particular, assessing the multiplicity is much more challenging. One of the main reasons is that classical spectroscopic methods do not work very well in the case of A-type stars, for which the spectral lines are generally broadened by high rotational velocities (typically 100-200 km s −1 ) and usually blended. Spectroscopic surveys of A-type stars are therefore much less sensitive and complete than for solar-type stars. They have mostly targeted chemically peculiar A-type stars so far (e.g. Carrier et al. 2002; Carquillat & Prieur 2007) . A new method for radial velocity measurements has only recently been proposed to survey intermediate-mass stars (Galland et al. 2005) , enabling the search for substellar companions, although with an RV accuracy much worse than for solar-type stars.
Systematic searches for visual companions around A-type stars also face a significant challenge, i.e. the steep massluminosity relationship, which makes low-mass companions hard to detect. Only recently have large-scale, dedicated (AOassisted) surveys been conducted, including most notably the VAST survey (De Rosa et al. 2011) . The first results of this survey, targeting an incomplete sample of 435 A-type stars out to 75 pc, show that 33.8±2.6% of A-type stars are visual binaries in the separation range between 30 to 10 000 AU (i.e. about 0 ′′ . 4 to 140 ′′ ). A significant gap however remains between the realm of spectroscopic binaries and the visual binary domain. The study of astrometric binaries from the Hipparcos catalogue partly fills that gap, but the nature of the detected companions, and even their orbital parameters, are generally not well constrained. Interferometry offers an attractive way to fill that gap, as recently proposed for massive stars (Sana et al. 2014) , before GAIA revolutionises the field.
With the present study, we address a separation range (1-100 mas) that has only been partially scraped by speckle interferometry in the past (e.g. Mason et al. 2013; Tokovinin et al. A&A proofs: manuscript no. PIONIER_companions_rev   Fig. 4 . Histogram of the 3σ contrast upper limit for 50% (top) and for 90% (bottom) of the field of view, for the combination of CP and V 2 (left), the CP only (middle), and the V 2 only (right).
2014). Among the five stars resolved as binaries within the present survey, only one was unambiguously identified as a visual, gravitationally bound, binary before the start of our survey (HD 202730, which has a companion at 7 ′′ . 2). The four others are new visual companions, although the companion to HD 16555 was independently published by Hartkopf et al. (2012) . We can therefore consider that four out of 30 (i.e. 13.3
−4.0 %) A-type stars in our sample revealed to be unknown visual binaries. Adding this to the previous result of De Rosa et al. (2014) suggest that about 47% of A-type stars are visual binaries for angular separations ranging from 1 mas to 140 ′′ , although a gap remains between the outer edge of the PIONIER field of view (∼ 100 mas) and the inner edge of the De Rosa et al. (2014) survey (0 ′′ . 4). This gap could adequately be covered by more systematic speckle interferometry or sparse aperture masking observations. For instance, as explained in Sect. 3.4, the F5V star HD 15798 was recently shown to host a faint companion at an angular distance of 0 ′′ . 21 by Tokovinin et al. (2014) .
Based on this discussion, it is legitimate to ask oneself how many more close companions remain undiscovered around Atype stars in the solar neighbourhood. Our study suggests that, even after a careful target selection, five out of 30 (i.e. 17%) Atype stars still have a stellar companion within an angular separation range that critically affects interferometric observations. Using A-type stars as calibrators for interferometric observations should therefore be avoided as much as possible. We also note that, despite our efforts to search the literature for the signs of faint companions, some of the hot exozodiacal disc detections claimed within our CHARA/FLUOR survey of debris disc stars (Absil et al. 2013 ) could also be due to unknown, close companions. Assuming that up to 17% of the observed A-type stars in the CHARA/FLUOR survey have a unknown faint companion within the FLUOR field of view (similar to the PIONIER fleld of view) would still preserve a hot exozodiacal disc occurrence rate significantly larger around A-type stars (∼33%) than solartype stars (∼18%) in that survey.
On the PIONIER sensitivity
In the case of non detections (79 stars out of 92 in our sample), we can determine an upper limit on the presence of a companion as a function of the position in the field of view, using the χ 2 statistics as explained in Absil et al. (2011) . The resulting sensitivity map can then be used to derive the median sensitivity (i.e. sensitivity achieved for 50% of the positions within the search region). We can also define the sensitivity at a higher completeness level, e.g. the sensitivity reached for 90% of the positions within the search region. In order to deduce the typical sensitivity of PIONIER in survey mode (3 OBs per target), we produced the histograms of the sensitivity levels for all stars showing no near-infrared excess. These histograms give us the sensitivity to companions in 50% or 90% of the search region at a significance level of 3σ for the CP, the V 2 , and the combination of the two. They are illustrated in Fig. 4 . We deduce from this figure that the sensitivity of PIONIER is around 1% when using the CP and the V 2 in a combined way (median sensitivity of 0.7%, percentile 90 sensitivity of 1.1%).
Figure 4 also gives interesting information on the sensitivities of the CP and V 2 individually. They show a similar median sensitivity level (∼ 1%), but the situation changes when considering a completeness level of 90%, for which the sensitivity of the CP (2.7%) degrades much more than for the V 2 (1.6%). This is somewhat surprising as the closure phases are generally thought to be more sensitive to the presence of faint companions. To investigate the origin of this unexpected behaviour, we make use of the magnification factor defined by Le Bouquin & Absil (2012) for the CP,
where α i j = 2πB i j ·∆/λ, with B i j the baseline vector, ∆ the apparent binary separation vector, and · the scalar product. This purely geometric factor captures the amplification of the CP created by an off-axis companion as a function of its position in the field of view. It is possible to define an equivalent magnification factor for the visibilities, assuming an unresolved primary star,
with V 2 i j the squared visibility for baseline i j. This definition gives the cumulated drop of visibility created by the companion on all baselines; the larger the drop, the more conspicuous the companion. The magnification maps for two different three-telescope configurations of the VLTI sub-array are given in Fig. 5 . The absolute value of the magnification factor is plotted to reveal more clearly the blind spots (green-black regions). We can easily note that, in both configurations, the closure phase magnification map comprises many more regions where the magnification factor is close to zero. This is probably related to the fact that the magnification for the CP ranges between negative and positive values, while the magnification for the V 2 is always positive. The closure phase therefore shows many more blind spots, where the presence of a companion would not show up in the data. This becomes even clearer in the histograms plotted in Fig. 5 (right) , where we see that most of the occurrences for m CP are close to zero. Even though the CP are arguably more robust than the V 2 for the detection of a companion, the poor coverage of the field of view limits the completeness of the search at a given contrast level. We conclude that taking into account the V 2 is highly recommended when searching for faint companions, despite the possible presence of false positives in the combined χ 2 related to circumstellar discs.
Conclusions
In this paper, we have systematically searched for companions around the 92 stars observed within the Exozodi survey, which aims to unveil the occurrence rate of bright exozodiacal discs around nearby main sequence stars using infrared interferometry. Based on our VLTI/PIONIER observations, five new companions are resolved around HD 4150, HD 16555, HD 29388, HD 202730, and HD 224392, although three of these stars (HD 4150, HD 16555 and HD 224392) were already suspected to be binaries based on Hipparcos astrometry, and one of the binaries (HD 16555) was independently resolved by speckle interferometry while we were carrying out our survey. All these companions happen to be detected around A-type stars. They have estimated spectral types ranging from K4V to A5V, assuming that they are all on the main sequence. The fact that such bright companions have remained undiscovered to date led us to discuss how our observations affect the current estimation of binary fraction around A-type stars. In particular, based on our discoveries, the fraction of visual binaries increases from about 34% to about 47%. These serendipitous discoveries suggest that a significant fraction of supposedly single A-type stars are still undetected binaries. The Exozodi data set also allowed us to study the sensitivity of PIONIER to off-axis companions in its survey mode (3 OBs per star), showing a typical contrast limit of 1%. Finally, we conclude that using the squared visibilities together with the closure phases in the search for companions is crucial for maximising the completeness of the search. Table 1 . Results of the search for companion for the 92 stars observed within the Exozodi survey. The significance of the detection is given as a signal-to-noise ratio, expressed as a number of σ, for the combined χ 2 and the two individual χ 2 analyses. The best-fit angular separation, position angle and contrast are given, using both positive and negative contrasts as explained in Sect. 3.3. The last two columns give the upper limit on the contrast of companions in case of non detections, for completeness levels of 50% and 90% of the search region (except for the stars for which circumstellar emission was detected).
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